arms in each karyotype to indicate the most variable chromosome/chromosome arms. For conveniance from each cluster a single representative was selected for PCA analysis. For PCA analysis data were first standardized and then product-moment correlation was determined (Sneath and Sokal 1973) . Eigen values were determined from transformed data and ordination of cultivars was performed on the first two PCA axis (McClintock and Waterway 1994) . Results and discussion
Names of the cultivars, their karyotype formulae and number of SAT-chromosomes are presented in Table 1 . All the cultivars possessed 2n = 26 chromosome number but varied with regard to number of SAT-chromosomes (ranging from 1 to 3) and the chromosomes carrying secondary constrictions (Fig. 1) . In most of the cases the longest chromosomes of the haploid set possessed secondary constriction but in few cases chromosomes 6, 7 and 8 were SAT-chromosomes (Cultivars 8, 12, 17, 24, 25, and 30,  the chromosomes were of m type except 1 or 2 chromosomes which were of M type (Table 1) . Gennur et al. (1988a, b) reported occurrence of 8.27 metacentric chromosomes, 4.61 submetacentric and 0.11 acrocentric chromosomes in Asiatic cotton G. herbaceum. However present study does not show occurrence of acrocentric chromosomes in G. herbaceum cultivars available in Iran, indicating presence of genomic diversity in this species. As we shall see later on other analysis also support such, assumption. Details of karyotypes are presented in Table 2 . In general karyotypes were symmetrical with small size of chromosomes. The highest total length occurred in Sabzevar cultivar (46.46 gm) and the least in Mahalat (23.83 gm). The longest chromosome was observed in Sabzevar cultivar (5.03 um) while the shortest was observed in Mahalat (1.2 um). The higest C.V occurred in Ghom 52 (30.1) indicating more variation among its chromosomes, while the lowest value of C.V. occurred in Mehrizger (13.5).
The mean total length of chromosomes varied from 1.8 am (Mahalat) to 3.5 gm (Sabzevar) and the mean total volume varied from 4.7 (Mahalat) to 9.3 (Mehrizbah) .
Karl Pearson coefficient of correlation for total length of the chromosomes was >0.95 indicating homogeneity of the group but this value was reduced for the length of long arms (0.72-0.96), length of short arms ( -0.01-0.61) and L/S ratio (0.31-0.96) indicating occur- rence of structural changes of chromosomes among the cultivars and points towards their distinctness.
ANOVA based on factorial analysis of karyotypic data (Table 3) , showed a significant difference among the cultivars.
All these results indicate presence of variation in genetic material of G. herbaceum cultivars both quantitatively (size differences) and qualitatively (structural changes), which can be used in hybridization programs to broaden the genetic variability of the gene pool. For this purpose cluster analysis can be used.
Dendrogram produced from UPGMA cluster analysis is presented in Fig. 2 . In total (Ingrouille 1986 , Rolf 1987 . Other clustering methods such as single linkage and complete linkage was carried out for karyological data and the same results were obtained again indicating distinctness of the clusters (Rohlf 1987) . Moreover fit of the clusters obtained to the original data was checked using cophenetic correlation (Stanton et al. 1994) . Correlation obtained (r = 0.82) indicates good fit of clusters.
Hybridization program can be arranged with crossing those cultivars placed in distant clusters (differ genetically). In this case members of the cluster 1 can be crossed with cluster 6 to get more variability and heterosis. It is interesting to note that culrivars also varied significantly with regard to many of the morphological characters studied including the yield in the first and second harvest (unpublished data). Presence of variability within G. herbaceum Fig . 3 . Plot of cultivars on the first two principal coordinate axis.
has also been noticed by Hutchinson (1950) and partitioned into infraspecific races based on a combination of geographical and morphological factors (Hutchinson 1950) . Grouping of the cultivars was also carried out using principal coordinate analysis. Cultivars were ploted against the first two PCO axis (Fig. 3) . Grouping obtained from principal coordinate analysis is very similar to clustering result (Fig. 2) for example cultivars 38, 39 and 40 which form cluster number six are grouped together, cultivars 5, 35, 36, 37 and 25 which belong to cluster number five are grouped together and so on.
Principal component analysis (PCA) was used to indicate the most variable characters (chromosome/chromosome arm) (Chatfield and Collins 1995, Sheidai et al. 1996b) . Characters with high eigen values can be considered as the most variable one. For this analysis from each cluster (Fig. 2 ) a single cultivar was selected. Eigen values obtained from PCA analysis are presented in Table 4 . The first two PCA axis comprise 92% of the total variance, hence characters possessing high loadings from these two Table 4 . PCA eigen values (TL = total length, L =long arm and S =short arm) axis contribute to the karyotypic variations observed among the cultivars studied.
Result obtained (Table 4) indicates that total chromosome length of chromosomes 4 to 10 with high loading ( > 0.98), long arms of the chromosomes 2, 8, 10 and 13 ( > 0.97) and short arms of the chromosomes 3, 7 and 8 ( > 0.95) are the most variable characters among the cultivars studied. Cophenetic correlation > 0.84 indicates good fit of eigen values (Stanton et al. 1994) .
Ordination of the cultivars selected from each cluster on the first two PCA axis is presented in Fig. 4 . Separation of clusters are evident (for example cluster 1 from 6) indicating genomic differences. Present work reports karyological analysis of the diploid Gossypium herbaceum cultivars of Iran for the first time, indicating their genomic differences. Crossing plan with regard to results obtained is in hand. The cultivars varied with regard to number of SAT-chromosomes and chromosomes carrying secondary constrictions. Karyotypes were of symmetrical type having small chromosomes.
Factorial analysis showed significant difference for both the cultivars as well as chromosomes.
Cluster analysis using UPGMA, single linkage and complete linkage methods grouped the cultivars in six distinct clusters. Principal coordinate analysis supports the clustering results and principal component analysis showed that chromosomes 4 to 10 and long arms of the chromosomes 2, 8, 10 and 13 and short arms of the chromosomes 3, 7 and 8 are the most variable chromosomes/chromosome arms among the cultivars studied. Present work indicates genomic differences among diploid G. herbaceum cultivars of Iran which can be used in hybridization programs.
Crossing of the cultivars placed in distant clusters are suggested.
